Abstract
Introduction:
The aim of this study was to determine the predictive value of pain scores on the efficacy of extracorporeal shockwave lithotripsy (ESWL) and to identify other predictive risk factors for treatment success. Materials and Methods: A total of 476 patients who underwent ESWL (piezoelectric lithotripsy) for urolithiasis between September 2011 and December 2015 were identified. The primary endpoint of this study was success rate, which was evaluated 4 months after ESWL. The secondary outcome was the occurrence of complications as a result of ESWL. Results: The average pain perception was reported at 5 on a scale from 0 to 10. The overall success rate of ESWL was found to be 43.9% and the success rate after the first ESWL was 35.1%. Univariate analysis showed no significant correlation between pain score and success of ESWL (p = 0.135). The level of intensity was correlated with pain scores (Pearson correlation -0.423, p < 0.001). Univariate analysis identified five predictive factors: sex, stone location, stone size, hydronephrosis and the use of tamsulosin. Multivariate logistic regression analysis showed that sex, stone location and size independently influenced the success of ESWL (p = 0.045, p = 0.001 and p < 
Introduction
Since the introduction of extracorporeal shockwave lithotripsy (ESWL) in the early 1980s, it has been recommended as a first-line treatment for renal and ureteral calculi less than 20 mm in diameter. Contrary to percutaneous nephrolithotomy (PCNL) and ureteroscopy, the procedure can be performed without the use of general anesthesia and in an outpatient setting. Success rates of ESWL range from 33 to 91%, depending on the efficacy of the lithotriptor, stone factors, patient habitus and the competence of the operator [1] . Predicting the efficacy of ESWL is key in reducing repetitive treatment, hospital costs and patient burden [2] .
0.001). Conclusion:
No correlation was found between the pain scores and efficacy of ESWL. Despite this absence, pain scores during ESWL sessions remain high and additional analgesia would improve patient satisfaction.
After the introduction of ESWL, the procedure was performed under general anesthesia. Technical improvement of lithotripters has enabled the treatment to be performed without the use of general anesthesia, although a lower level of intensity was generally being used. However, ESWL is still generally considered to be a painful procedure. This could be caused by shockwaves reaching superficial (skin and muscle) and deeper structures (ribs, nerves and the kidney capsule) [3, 4] .
It has commonly been assumed that pain effects the outcome of ESWL due to involuntary pain-induced movements and excessive respiratory excursions during the procedure, which impedes the operator's efforts to maintain focus on the stone. High pain perception might also limit opportunities to apply an adequate dose of energy [5] . However, little evidence is available to confirm the direct effect of pain on success rates of ESWL [4] [5] [6] .
The aim of this study is to evaluate the correlation between pain perception during treatment as well as other potential predictive risk factors and the stone-free rate (i.e. rate of success) after ESWL.
Materials and Methods

Cohort Selection Criteria
We included patients diagnosed with urolithiasis who were referred to a urology outpatients' clinic for ESWL between September 2011 and December 2015. They were identified from a prospectively collected database. These patients were adults (> 18 years) receiving their first ESWL for a solitary stone located in the kidney or the ureter or those who had not received an ESWL within the previous 2 years. We excluded patients whose essential variable "pain-score" was missing (n = 19), those whose diagnosis was uncertain (n = 16), along with those who had been lost to follow-up (n = 46). This study was approved by the local institutional review board (METC Zuidwest Holland) and is in compliance with the Helsinki Declaration.
Review of Patient Data
Patient characteristics (age and sex), urologic presentation (previous ESWL, antibiotics, hydronephrosis, double-J catheter, nephrostomy catheter, use of tamsulosin, use of butylscopolamine and number of reinterventions), stone characteristics (side, size and location) and treatment parameters (level of intensity, applied amount of shocks, operator and fluoroscopy time) were obtained from the database. Use of tamsulosin was defined as use of 0.4 mg once daily at the moment of ESWL or for several days prior to the first follow-up. Stone size was measured using the largest measured diameter.
The primary endpoint of this study was the success rate defined as completely stone-free or with fragments smaller than 4 mm. Since all patients received an appointment at 3 weeks after treatment and if necessary followed by another appointment at 3 months, success rate was evaluated within 4 months of follow-up.
The need for additional treatment or reintervention (ESWL, ureteroscopy or PCNL) within 6 months was evaluated by urologist, in case of persisting stone or patients with recurrent urolithiasis. The secondary outcome was the complication rate due to ESWL, measured using the Clavien-Dindo classification [7] .
Extracorporeal Shockwave Lithotripsy
Shockwave lithotripsy was performed using the PiezoLith 3000 (Wolf ® ), a third generation piezoelectric shockwave lithotriptor. All patients received 1,000 mg oral paracetamol and 100 mg diclofenac per rectum half an hour prior to their procedure. Anticoagulants were stopped 1 week before treatment. Fluoroscopy or ultrasound was used to locate the stone. The target was to deliver 3,000 shocks for renal stones and 4,000 shocks for ureteral stones with a frequency of 2 Hz. Depending on the patients' pain tolerance, the intensity level was gradually increased to a maximum of 17 for renal stones and 20 for ureteral stones (Supplementary table, metric scale of power as indicated by Wolf). No ramping was performed. Patients were asked to indicate their degree of pain on a scale from 0 to 10 (0, describing "no pain" and 10, describing "maximal possible pain") multiple times during ESWL. Influence of Pain on ESWL 83
The highest pain score was reported. A pain score less than 4 was considered as acceptable. Three weeks after treatment, their stone status was evaluated by kidney-ureter-bladder radiography and, in case of radiolucent stones, ultrasonography or an abdominal computerized tomography (CT) scan. The procedure was carried out by urologists or specially trained nurses.
Statistical Analysis SPSS-version 23.0 was used to perform statistical analyses. The Pearson correlation coefficient was used to evaluate the correlation between intensity levels and pain scores. Univariate and multivariate logistic regression analyses (stepwise backward method) were used to determine the predictive value of pain and other variables for the efficacy of ESWL. The Hosmer-Lemeshow test was used to evaluate the quality of the prediction model. A p-value < 0.05 was considered statistically significant.
Results
Patient, Stone and Procedure Characteristics
The patient and demographic characteristics are summarized in table 1. A total number of 476 patients with urolithiasis is analyzed in this study. The median age is 52 years and sex ratio (M/F) is 3:1. A double-J catheter was in situ in 11 patients (2.3%) and a nephrostomy catheter in 21 patients (4.4%). For renal stones, a median of 3,000 shockwaves was applied with a median intensity level of 12.9, while ureteral stones were treated on with 3,500 shockwaves and an intensity level of 13.9. The level of intensity was correlated with the pain scores (Pearson correlation -0.423, p < 0.001). The higher the pain scores, the lower the level of intensity.
Primary Outcome
The median pain score is reported as 5. Two patients (0.4%) experienced no pain (pain score 0), 104 patients (21.8%) mild pain (pain score 1-3), 224 patients (47.1%) moderate pain (pain score 4-6) and 146 patients (30.7%) severe pain (pain score 7-10). The pain score was significantly higher among patients younger than 60 years old (5.4 vs. 4.7, p = 0.001). A total of 46 patients (9.7%) required extra use of opiates (oxycodon, tramadol, piritramide or morphine), resulting in a mean pain score of 4.96. There was no significant difference in pain score between the group with and without use of extra opiates (4.96 vs. 5.20, p = 0.432). The use of butylscopolamine as analgesic was reported in 30 patients (6.3%). There was no significant difference between pain scores for renal and ureteral stones (5.4 vs. 5.1, p = 0.113).
The success rate of the first ESWL in our department was recorded as 35.1%. One hundred thirty-seven patients received a second or third ESWL session, resulting in an overall success rate of 43.9% with a mean of 1.37 sessions. Most of those patients (93.4%) received re-ESWL within 6 months. Univariate analysis showed no significant correlation between the pain score and the success of ESWL (p = 0.135). Univariate analysis identified sex, stone location, stone size, hydronephrosis and the use of tamsulosin as potentially predictive factors (table 2). Multivariate logistic regression analysis showed that sex, stone location and size independently influenced the success of ESWL (table 3). The Hosmer-Lemeshow test indicates a good quality of the prediction model (p Bovelander/Weltings/Rad/van Kampen/ Pelger/Roshani = 0.177). An additional operation after ESWL was required to 115 patients (24.2%) who were not stone-free after ESWL. Ureteroscopy was performed in 106 patients (22.3%) and PCNL in 9 patients (1.9%).
Secondary Outcome
Complications were reported in 12.4% of patients (table 4). The majority of complications reported during the study period were minor and without the need for an intervention, such as hematuria and pain. In 1 case, a transient ischemic attack occurred due to a temporary stop of anticoagulants. One patient developed an acute renal insufficiency, but spontaneously recovered after several days.
Discussion
The introduction of ESWL has been revolutionary for the treatment of urolithiasis. However, ESWL causes shockwave-induced pain during the treatment. The correct dosage of analgesics is mandatory to maintain patient comfort and may improve treatment outcomes [8] . The hypothesis is that adequate treatment of pain during ESWL would result in higher success rates due to less involuntary movements and better stone focus. We designed this study in order to evaluate this assumption.
Parameters for Stone Fragmentation and Clearance
Stone fragmentation and clearance are multifactorial events. The success of ESWL depends on many factors, including stone factors, patient habitus, competence of the operator, and the efficacy of the lithotriptor. The size of stone is inversely correlated with higher success rates. High-density stones and lower pole renal stones are associated with worse results [1] . The use of alpha-blockers to improve elimination rates by relaxing smooth muscle cells in the urinary tract, remains controversial [9] . Electrohydraulic, electromagnetic, and piezoelectric are three different types of shockwave generators which are being used in practice [10] . These generators seem to produce different rates of success and complications [3, 10] . Our Data and the Literature The wide variation in success rates in the current literature might be due to differing definitions of success and stone-free status [1] . Success is determined after one or multiple sessions and after several weeks or months. It is defined as completely stone-free or as the fragmentation of stones into smaller concrements using different types of imaging.
A few studies have been published concerning our study hypothesis. Cleveland et al. [11] observed that movement of calculi in vitro during ESWL caused a significant reduction in fragmentation rates due to the stone being out of focus. Furthermore, a prospective study of 222 patients from Vergnolles et al.
[5] describes a significantly higher fragmentation rate in patients with a visual analog scale of lower than 3, compared to patients needing additional analgesia. However, this correlation could be due to the fact that the session was interrupted in 16.9% of treatments, when visual analog scale remained at 3 or higher, despite the use of additional analgesia. In addition, Sorensen et al. [12] reported a significantly higher stone-free rate in patients treated with general anesthesia, compared to patients receiving intravenous sedation using a second-generation lithotripter.
Our study reveals that the outcome of ESWL is not affected by pain during the treatment, according to the numeric pain scale. The level of intensity correlates with pain scores (Pearson correlation -0.423, p < 0.001), but does not seem to influence the success of ESWL (t-test, p = 0.88). The negative results of our study concerning the correlation between pain perception and success rates contradict the aforementioned literature. In contrast to our study, Vergnolles et al. [5] and Sorensen et al. [12] compared success rates in groups, with or without additional analgesia, or compared different forms of anesthesia instead of using pain scores. In addition, other types of shockwave generators were used. These factors make it difficult to compare the results of these studies with our own results. In general, pain scores are widely used due to their simplicity and adaptability to a broad range of populations and settings. However, using a pain score is very subjective when evaluating pain perception. Pain itself is multifactorial and affected by many factors such as age, gender, ethnicity, social status, education, personality and degree of understanding about the intervention. Individual variation is difficult to establish.
In our cohort, the success rate was 35.1% after the first treatment and 43.9% after subsequent ESWL sessions. No additional intervention was needed in 62.6% of treated patients within 6 months after ESWL, since complaints and hydronephrosis were absent while some small residual fragments persisted. An additional operation (ureteroscopy or PCNL) was required in only 24.2% of cases, which would suggest that ESWL is a viable option to prevent operative procedures.
Multivariate logistic regression analysis revealed male gender, stone size and location as predictive factors for success. Stone size was inversely associated with the success of the treatment. In our study, the success rate for renal lower pole stones was found to be 18.6%. ESWL on stones located in the lower renal pole is less likely to be successful compared with the treatment on stones in the renal upper pole (OR 0.450, p = 0.05). Our findings on the predictive value of stone size and its location are supported by various studies. The predictive value of male gender is not found in other studies and might be an incidental finding [2, 3, 13] .
Study Limitations
A potential limitation of our study is the lack of use of non-contrast spiral CT-scan as assessment prior to treatment, since that is the investigation of choice for urolithiasis. Contrary to X-ray, Hounsfield unit, stone volume, inflammation of ureter, and skin-to-stone distance could be easily assessed [1] . In our department it is not used as first choice due to its potentially higher dose of radiation and associated costs.
Recommendations
The median pain score in our study was described as "5", which is a relatively high level of pain sensation, considering that analgesics are given. In addition one third of the patients experienced severe pain (pain score 7-10) and our data show that high pain score are correlated with a lower level of intensity during ESWL. This suggests that our current pain prevention protocol is not sufficient and should be revised. Additional analgesia (a combination of paracetamol, NSAID and opioid) might lower the mean pain score and improve patient comfort. In our study no significant difference in pain score could be found between the patients who did (n = 46) and did not (n = 430) receive extra opiates. This is probably due to the small group of patients who received opiates. A study of Tokgöz et al. [3] analyzing pain perception during ESWL, supports our findings by describing a mean pain score for a first ESWL session as being 4.67. Since anxiety could also be an influencing factor on pain perception, patient education regarding the procedure and potentially a low dose of sedation might also help in lowering the pain score [4] [5] [6] . More random controlled trials Bovelander/Weltings/Rad/van Kampen/ Pelger/Roshani are required to determine the best possible management of pain medication during ESWL.
Conclusion
Contrary to the general view that pain influences the treatment outcomes of ESWL, our results suggest that high pain perception does not correlate with the effect of ESWL. Despite the absence of a correlation with the outcome, pain scores during ESWL sessions remain high. Therefore, additional analgesia is recommended to improve patient comfort. Finally, our results support previous studies where stone size and stone location are predictive factors on the outcome of ESWL. The tolerance of all values listed in the table is ± 10%.
